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CONTROL METHOD OF CHANNEL ASSIGN 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a control method of 
channel assign with respect to a communication apparatus 
(base station) that processes data communicated through a 
plurality of channels. More particularly, the present 
invention relates to a communication apparatus suitably 
employable for a mobile communication system operated with 
use of a CDMA (Code Division Multiple Access) method. 

Description of Related Art 

In recent years, mobile communications are demanded 
of various information transmission services, such as large 
capacity fast data communications of dynamic pictures, etc. 
in addition to conventional voice and data communications. 
In order to meet such a variety of service demands from many 
users, each base station is required to have a signal 
processing unit composed of a huge size circuit. 

Fig.l shows a configuration of such a conventional 
base station used for a CDMA mobile communication system. 
In this case, voice communications are represented as low 
speed data rate communication services and data 
communications are represented as high speed data rate 
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communi cation services . Although both voice communications 
and data communications are described below, communication 
services are not limited only to those; they are just picked 
up so as to denote that a base station is required to support 
a plurality of communication services supplied at different 
transmission rates. 

A carrier frequency band signal received by an antenna 
100 is converted to a base band received signal in an RF 
(Radio Frequency) unit 101, then entered to a base band unit 
134 . Each channel base band signal output from the base band 
unit 134 is superimposed with others in an output 
combination unit 107, then converted to a carrier frequency 
band signal and transmitted from the antenna 100. 

In the base band unit 134, modem processing units 102-1 
to 102-s are prepared in accordance with the number of 
channels (s) used in the base station . Each modem processing 
unit 102 is used to transmit/receive signals of one channel. 
A matched filter (MF) 135 and a peak detector 136 are 
provided for a group of channels respectively, so that path 
searching is done in each channel intermittently. The peak 
detector 136 selects a larger correlation value (denoting 
a multi-path receiving timing) of correlation values output 
from the MF. The selected path timing is set for a correlator 
108-1 to n(n: number of fingers) of a modem processing unit 
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102-1 to 102-s of the corresponding channel so as to carry 
out a despreading processing for each finger. 

In each base station, path searching is done for each 
channel periodically in a time sharing manner as described 
above. Consequently, an MF can be shared by a plurality of 
channels, thereby the system circuit is reduced in size. 
Even in this case, however, because each channel is provided 
with a modem processing unit 102, the modem processing unit 
102 must be prepared as many as the number of users in the 
system. 

Furthermore, for a high speed user transmission rate,' 
each block operation must be speeded up and accordingly, the 
circuitry is expanded in size, although the block 
configuration of the modem processing unit 102 remains the 
s ame . 

If a base station supports both voice and high speed 
data communication services, the modem processing unit 102 
provided for each channel is roughly classified into the 
following two configuration types. 

One of the two types is a configuration in which the 
modem processing unit for voices 201-1 to i and the modem 
processing unit for high speed data communications 202-1 to 
j in the base band unit 134 shown in Fig. 2 are prepared as 
many as the number of system-supported users. The number 
of users for high speed data communications is more than the 
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number of users for voice communications. However, because 
the transmission rate is high, the processing block circuit 
size for high speed data communications comes to be larger 
than that for voice communications. 

The other type configuration is as shown in Fig. 3; the 
high performance modem processing unit for voice/data 
communications 301 is provided as many as the number of 
system-supported users (301-1 to k) , so that both voice and 
data communications are processed in a common processing 
block. The inner configuration of the base band unit 134 
is only a difference between Fig. 2 and Fig. 3. The 
configurations of the RF unit 101, the output combination 
unit 107, and other components in Fig. 3 are the same as those 
in Fig. 2. 

summary of the Invention 

In the configuration shown in Fig. 2, both modem 
processing units 201 and 202 are reguired for voice and data 
communications, thereby the hardware is expanded in size. 
If the hardware composed as shown in Fig. 2 is used as a base 
station, each signal entered to a modem processing unit is 
identified for a voice communication signal or a high speed 
data communication signal, then a idle channel is assigned 
for the signal. In this configuration shown in Fig. 2, a 
voice communication channel is assigned independently of a 
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data communication channel; the same channel cannot be used 
for both communication types. 

On the other hand, in the hardware configuration shown 
in Fig. 3, the modem processing unit 301 can process signals 
of both voice and data communications. If the hardware 
composed as shown in Fig. 3 is used, therefore, 
identification between voice and data communication signals 
is omissible and channel assign is done for each signal if 
there is a idle channel. Because this controlling method 
does not depend on the type of signals entered to the modem 
processing unit in this case, the channel assign is done more 
simply than that of the hardware configuration shown in 
Fig. 2. Although all the users in the system do not request 
the maximum transmission rate service (for example, high 
speed data communication) , each processing block hardware 
in the modem processing unit is composed so as to cope with 
the maximum number of users who may possibly request the 
maximum transmission rate service. The usage efficiency of 
the hardware resources is therefore not so high. In 
addition, the hardware must be expanded more in size so as 
to cope with the maximum transmission rate service than that 
of the hardware employed only to process voice data. 
Consequently, the hardware size of the base station 
especially for processing signals from many users is 
expanded excessively comparing with the processing load of 
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normal system. This has been a problem of the conventional 
technique . 

The conventional technique has also been confronted 
with another similar problem, which arises when a base 
station is composed as a fault-tolerant one so as to continue 
the system operation even when the system is partially down. 
In order to compose a base station as a fault-tolerant one, 
a method is employed so that a spare apparatus and another 
spare running system provided with switching means are 
disposed in addition to the normal running system. Unlike 
the hardware configuration shown in Fig. 2, the hardware 
configuration shown in Fig. 4 is thus provided . with a spare 
running base band unit. In Fig. 4, two types of spare 
hardware units must be provided; the voice processing block 
410 and the data processing block 411. This is because a 
voice channel and a data channel are independent of each 
other and the same channel cannot be used commonly for both 
communication types. 

The conventional technique has been confronted with 
further another problem; the hardware for a base station 
that supports a hand-over processing over sectors is 
expanded in size. 

A base station divides its control range (cell: 501) 
into a plurality of sectors (502-1 to 501-3) with use of 
directional antennas (504) as shown in Fig. 5. If a mobile 



station 505 moves and the control range is changed from a 
sector to another, a hand-over processing is required to 
keep the communication. In the case of the CDMA method, such 
a hand-over processing is done without instantaneous 
disconnection, so the mobile station comes to communicate 
with two or three base stations simultaneously for a while. 

When taking the hand-over processing into 
consideration, a base station is composed of a receiving 
card 601 prepared for each sector and a sector combination 
card 602 prepared for sector combination as shown in Fig. 6. 
Those cards 601 and 602 are connected to each other through 
a bus 603. In a hand-over processing, the base station 
transmits a signal received from a sector through a 
receiving card 601-m and a signal received from another 
sector through a receiving card 601-n to a sector 
combination card 602-p through the data collection bus 603, 
thereby signals from those sectors are combined in the 
sector combination card 602-p. 

In order to combine signals received by different 
receiving cards over sectors, a bus configuration as shown 
in Fig. 6 can be selected. The bus configuration enables 
every combination of a receiving card and a sector 
combination card to be connected to each other. However, 
this configuration cannot avoid a problem that the receiving 
function must be separated from the inter-sector combining 
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function, so that it is difficult to integrate both 
functions in the same card or in the same chip. 

In particular, when a base band is composed of many 
sectors, it will be difficult to distribute the signals from 
all the sectors to all the receiving cards. Because it is 
small in possibility that a plurality of received signals 
are processed in a hand-over processing over sensors in the 
same receiving card, the hand-over processing over sectors 
in the same card often fails, thereby integration of 
receiving card and sector combination card becomes more 
difficult. 

Under the circumstances, it is an object of the 
present invention to provide a method for multiplexing 
processings of a plurality of channels and high speed 
transmission rate channel processings by reading data from 
a storage means at a higher rate than that of data input to 
the storage means with use of a signal processing unit 
provided with a storage for storing signals entered from a 
plurality of channels and a calculation means necessary for 
modulation and demodulation. 

When employing the above-described method, a hardware 
unit is used to multiplex processings of a plurality of 
channels, thereby the hardware can be reduced significantly 
in size. In addition, it is no need to prepare a hardware 
unit for each channel, thereby channel assign can be 
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controlled so as to disperse processings so that the load 
of the base station is not concentrated on a specific 
hardware or software processing. 

Furthermore, in a hand-over processing over sectors, 
channel assign can be controlled so as to enable a hardware 
unit to process signals exchanged with a plurality of 
sectors, thereby it makes easier to carry out the hand-over 
processing over sectors. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig.l is a block diagram of a conventional base 
station . 

Fig. 2 is a block diagram of a conventional base 
station supporting both voice and high speed data 
communications with use of hardware units for both 
communication types. 

Fig. 3 is a block diagram of a conventional base 
station for realizing both voice and high speed data 
communications with use of a large size and high speed 
hardware unit that can cope with both communication types. 

Fig. 4 is a block diagram of a conventional base 
station that adds a spare running system to the base band 
unit configuration shown in Fig. 2, thereby realizing a 
fault-tolerant system. 
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Fig.5 shows a base station divided into a plurality 
of sectors with use of directional antennas. 

Fig. 6 is a block diagram of a conventional base 
station supporting a hand-over processing. 

Fig. 7 shows a format of a physical channel in an uplink 
line of the W-CDMA method. 

Fig. 8 is a block diagram of a base station in the first 
embodiment of the present invention. 

Fig. 9 is an example of the channel assign method when 
the hardware configuration shown in Fig. 8 is employed. 

Fig. 10 is an example of the channel assign method in 
the second embodiment 2 when the hardware configuration 
shown in Fig. 8 is employed. 

Fig. 11 is a block diagram of the base station in the 
third embodiment, in which a modem processing unit is 
composed of a plurality of hardware units. 

Fig. 12 shows an example of channel assign method when 
the hardware configuration shown in Fig. 11 is employed. 

Fig. 13 is a block diagram of a base band unit that 
employs the engine method in the fourth embodiment of the 
present invention. 

Fig. 14 shows a" channel assign method employed for a 
controller when an engine method is employed. 
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Fig.15 shows a channel assign method employed for the 
controller when an engine method is employed for a plurality 
of hardware units as shown in Fig. 11. 

Fig. 16 shows how a fault-tolerant system is realized 
due to the channel assign employed for the controller when 
an engine method is employed for a plurality of hardware 
units as shown in Fig. 11 in the fifth embodiment of the 
present invention. 

Fig. 17 shows a signal combination procedure over 
sectors in the sixth embodiment of the present invention. 

Fig. 18 is a block diagram of a downlink channel 
transmission on-off mechanism employed in the sixth 
embodiment of the present invention. 

Fig. 19 shows timings of the movement of a downlink 
channel among LSI's in the sixth embodiment of the present 
invention . 

Fig. 20 shows how a base station communicates with a 
mobile station provided with a function for transmitting and 
receiving signals with use of a plurality of frequencies. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 7 shows a communication format of data 
transmitted from a mobile station to a base station with use 
of an uplink line in a W-CDMA system. One frame 7 01 ( = 10msec) 
is a basic unit of such a channel codec processing as 
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interleaving, error correction encoding, etc. One frame is 
further divided into 16 slots. One slot 702 (=0 . 625msec) 
is a basic unit of an air interface control as channel 
estimation, transmission power control, etc. One slot is 
further divided into I content and Q content. The I content 
receives a data symbol 703 and the Q content receives such 
control symbols as a pilot signal 704. One symbol 707 is 
a basic unit of channel-codec-processed transmit data. In 
the CDMA system, this one symbol is multiplied by a pseudo 
random signal referred to as a PN series signal, thereby 
executing a spectrum diffusion processing. One chip 708 is 
a basic unit of pseudo random signals. One chip 708 is the 
minimum unit in all the processings. 

Hereunder, the first embodiment of the present 
invention will be described with reference to the 
accompanying drawings . 

Fig. 8 shows a hardware block diagram of a base station 
in the first embodiment of the present invention. 

Carrier frequency band signals received by antennas 
800-1 to 800-p are converted to base band signals by an RF 
unit 801. The base band signals are then stored in buffer 
memories 803-1 to 3 provided so as to be corresponded to an 
antenna respectively. These buffer memories may be united 
into one as a memory consisting of a plurality of regions. 
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Each of the buffer memories 803-1 to 3 should be able 
to store data in multiple of the maximum unit of modem 
processing (for example, one frame in the W-CDMA system) . 
The capacity of each buffer memory is decided properly by 
a difference between the data rate of the RF channel and the 
calculation speed of the base band unit 802, as well as the 
number of channels processed in a multiplexing manner by the 
modem processing unit 830. In addition, the number of 
channels to be processed in a multiplexing manner by one base 
band unit is less than (calculation speed of the base band 
unit/data rate of the RF channel) . 

Base band signals stored in the buffer memories 803-1 
to 3 include all the multiplexed data of all the mobile 
stations in the subject sector service area. The 
multiplexed data is then read into the modem processing unit 
830 repetitively so as to be demodulated, thereby the 
hardware size is reduced and the LSI calculation speed can 
be used effectively for the demodulation. In addition, the 
modem processing unit 830 modulates transmit data 
repetitively and the generated base band transmit signals 
are stored in corresponding buffer memories so as to be 
classified by sector therein. The base band signals of all 
the channels, classified by sector and multiplexed in the 
LSI and stored in buffer memories 803-1 to 3, are combined 
in the output combination unit 807. In the output 
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combination unit 807, all transmit signals from all LSIs of 
the subject base station are combined. Multiplexed base 
band transmit signals are converted to carrier frequency 
band transmit signals, then transmitted from the antennas 
800. The hardware size can thus be reduced and the LSI 
calculation speed can be used effectively for the modulation 
of those signals. 

If the hardware configuration shown in Fig. 8 is 
employed, the channel assign in the base station controller 
838 becomes as shown in the sequence in Fig. 9. In this case, 
it is premised that the modem processing unit 830 is composed 
of only one hardware unit and the time is divided into a 
plurality of processing time units (slots), then each slot 
is assigned with a channel to process, thereby channel 
processings are executed in a time sharing manner . The "time 
sharing" mentioned here means a processing method in which 
a processing channel is switched to another at each 
processing time unit (slot) and the channel processing is 
executed exclusively in the processing time unit (slot) . 

In the channel assignment sequence shown in Fig. 9, at 
first, the base station controller checks idle slots 
beginning at the first slot. The controller, if finding a 
idle slot, assigns the slot as the channel processing time 
(907) . If the first slot is not idle, the controller makes 
the same check for the next slot (903 to 905) . If there is 
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no idle slot in such a check, the controller refuses the call 
connection (906) . However, note that this method requires 
a management table used to denote a channel processing 
assigned to a slot (.909) . According to this channel assign 
method, one slot can be assigned to a voice terminal and a 
plurality of slots can be assigned to a high speed data 
terminal, thereby coping with both voice and data terminal 
services with use of one hardware unit. 

Next, the second embodiment of the present invention 
will be described. 

Fig. 10 shows a flowchart of the channel assign in the 
second embodiment of the present invention. The base 
station configuration in Fig. 10 is the same as that shown 
in Fig. 8. However, the channel assign method in the base 
station controller 838 takes a different sequence from that 
shown in Fig. 9. In Fig. 10, the modem processing unit 830 
is composed of one hardware unit and the modem processing 
unit 830 is provided with a capacity enough to process a 
plurality of channels simultaneously with use of a software 
program for operating the hardware. Each channel processing 
state is managed by a flag and this flag is checked to know 
the end of each processing unit, thereby processings of a 
plurality of channels are executed in a time multiplexing 
manner within a unit time.. The "time multiplexing" means 
a processing method in which data from a plurality of 



channels is stored in such storage means as a memory, etc. 
beforehand, then a processing channel is switched according 
to a flag, thereby the channel processing is executed 
exclusively within the processing time and after the channel 
processing, the next channel data is read from the storage 
means and processed, thereby enabling a plurality of 
channels to be processed within the unit time. 

In Fig. 10, at first, the controller checks the load of 
the modem processing unit 830, thereby checking the channel 
processing for overload or not (1002) . The "load" mentioned 
here is defined as an amount of software processing needed 
for processing a plurality of channels. The maximum 
processing amount in the modem processing unit is defined 
as an allowable load. The "overload" state means a state 
in which a load exceeding the allowable load is applied on 
the modem processing unit and the subject processing cannot 
be ended perfectly within the unit time. 

The processing load of the modem processing unit 830 
may be known as follows; the controller checks an 
approximate load value of the modem processing unit 830, 
which is to be applied to one channel beforehand, then 
updates the load according to the known load value each time 
a new channel is assigned or the controller 838 may exchange 
control signals with the modem processing unit 830 so as to 
know the load of the modem processing unit 830. 
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If it is judged not to be overloaded as a result of 
the check, a channel is assigned (1003 to 1008) . If it is 
judged to be overloaded, the controller rejects the calling 
(1009). 

According to the method described with reference to 
Fig. 10, flag management is employed for processing a 
plurality of channels. Consequently, one hardware unit can 
correspond to both voice and data terminal services so as 
to cope with the maximum possible processing capacity. 

Next, the third embodiment of the present invention 
will be described. 

Fig. 11 shows a hardware block diagram of a base 
station in the third embodiment of the present invention. 
In Fig. 11, only the method for composing the modem 
processing unit 830 differs from that shown in Fig. 8. More 
concretely, although one modem processing unit processes 
all the channels supported in the base station in Fig. 8, a 
plurality of base band processing CPU/base band processing 
hardware units 1101-1 to m are used to process those channels 
in Fig. 11. This is only a difference between Fig. 8 and 
Fig. 11 . 

If the hardware configuration shown in Fig. 11 is 
employed, the channel assign in the base station will be as 
shown in the sequence in Fig. 12. Concretely, receiving a 
call request, the controller checks the load of the modem 



processing unit (1202) . If the state is overload, the 
controller checks the next modem processing unit hardware 
(1208) if the use of the hardware is expected to cause 
overload in the object processing. If decided not, the 
controller checks the hardware for a idle channel (1209). 
If a idle channel is found, the controller assigns the 
channel (1212) . If no idle channel is found and the use of 
the hardware is expected to cause overload in the 
processing, the controller further checks the next modem 
processing unit hardware. 

Because the channel assign method shown in Fig. 12 can 
use a function for checking the software for processing a 
plurality of hardware units for overload, the processing 
load can be dispersed properly. 

Next, the fourth embodiment of the present invention 
will be described. 

Fig. 13 shows a block diagram of a base station base 
band unit in the fourth embodiment of the present invention. 
This hardware configuration is decided by turning attention 
to the processings to appear in units of a symbol, a slot, 
and a frame. In this embodiment, a modem processing block 
is divided into processing units and each processing block 
is composed so as to be operated independently. If 
processings whose processing units are different from each 
another are executed one by one, the symbol unit processing 
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speed decides the whole processing speed, thereby. slot and 
frame processings whose processing units are large degrade 
the use efficiency of the hardware. To avoid such a problem, 
the processings having the same processing unit are grouped 
in a block in this embodiment. Then, setting an operation 
speed of each block or plural blocks in parallel, thereby 
the use efficiency of the whole hardware is improved. For 
example, a plurality of symbol interval calculation engines 
1303 are disposed in parallel in Fig . 13 . Otherwise, the slot 
interval calculation engine 1305 is operated faster than the 
frame interval calculation engine 1307. 

Base band received signals are stored in the first 
buffer memory 1302 in multiple of a symbol, which is a 
processing unit of the symbol interval calculation engine 
1303. In order to fix the processing switching timing, a 
fixed amount of received signals are kept entered to the base 
band unit even when one symbol length differs among 
channels. For example, if the length of one symbol for a 
channel whose symbol interval is the largest is decided as 
a processing unit, channels are switched for one symbol at 
least (the maximum symbol interval in the W-CDMA) and for 
16 symbols in maximum (the minimum symbol interval in the 
W-CDMA) for processing. 

The symbol interval calculation engine 1303 is a block 
for executing a modem processing for each symbol. The symbol 
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interval calculation engine 1303 exchanges data with the 
slot interval calculation engine 1305 through the second 
buffer memory 1304. The second buffer memory 1304 stores 
data in multiple of one slot, which is a processing unit of 
the slot interval calculation engine 1305 so as to prevent 
a received signal that is not processed yet from being 
overwritten by another signal. The second buffer memory 
1304 is prepared for each channel. 

The slot interval calculation engine 1305 is a block 
for executing a modem processing slot by slot. The slot 
interval calculation engine 1305 exchanges data with the 
frame interval calculation engine 1307 through the third 
buffer memory 1306. The third buffer memory 1306 is also 
prepared for each channel and stores data in multiple of a 
frame. 

The frame interval calculation engine 1307 is a block 
for executing a modem processing frame by frame. The frame 
interval calculation engine 1307 is also used for an 
interleaving processing, etc. to be executed in units of 
more than one frame. 

The control engine 1301 controls each engine. Each 
of the engines 1303, 1305, and 1307 executes a modem 
processing asynchronously with each other under the control 
of the control engine 1301. Each channel is also processed, 
independently by each engine. Conseguently, it is possible 
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to execute modem processings for a plurality of channels in 
a time-multiplexing manner, thereby improving the 
processing efficiency of the whole hardware. 

If the hardware configuration shown in Fig. 13 is 
employed, the channel assign in a base station will be as 
shown in Figs. 14 and 15. Fig. 14 shows a channel assign 
method when the base station is composed of only one base 
band unit, which employs an engine method. Fig. 15 shows a 
channel assign method when the base station is composed of 
a plurality of base band units, each employing an engine 
method. 

The channel assign in the base station controller will 
be as shown in Fig. 14. At first, the controller checks the 
object engine CPU for overload when a call request is 
detected (1402) . If the CPU is not overloaded, the 
controller finds a idle channel. If it is found, the 
controller assigns the channel to the control engine 1401 
(1407) . At this time, the base station controller is only 
requested to instruct the control engine 1301 to assign a 
channel (1407) . Thus, the control engine 1301 divides the 
channel processing into the symbol interval calculation 
engine and the slot interval calculation engine and 
schedules those processings. If there is no idle channel, 
the controller checks the next channel (1403 to 1405) . If 
all the channels are busy, the call is rejected. 
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In the case of Fig. 15, there is a plurality of base 
band units, each employing an engine method. Consequently, 
the controller checks the first CPU for overload when a call 
request is detected (1502) . If the CPU is overloaded, the 
controller checks the next CPU for overload (1508) . If the 
CPU is not overloaded, the controller assigns a channel to 
the CPU. If the CPU is also overloaded, the controller 
checks the next CPU for overload in the same way and attempts 
to assign a channel to the CPU. 

The channel assign method as shown in Fig. 15 is thus 
effective to disperse the processing load of the system 
hardware, since the method is provided with such a function 
for checking a plurality of CPUs for overload. 

In order to shorten the time required for controlling 
channel assign, a channel should preferably be assigned to 
each hardware evenly. This is because it is possible to end 
channel assign earlier if a channel is assigned to each CPU 
so as to reduce the number of nearly overloaded CPUs while 
CPUs are checked for overload sequentially in the control 
flow. If the function for checking each CPU for overload 
as shown in Fig. 15 is optimized for the CPU so as to disperse 
the load, the channel assign method described above will 
make it possible to reduce the channel assign time 
successfully . 
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Furtherraore, it should be avoided to operate a 
plurality of hardware units from the point of view of power 
consumption; only the minimum necessary number of hardware 
units should be used. In this case, the function for 
checking overload or not as shown in Fig. 15 maybe optimized 
to minimize the power consumption, thereby the channel 
assign method will be able to reduce the power consumption. 

The channel assign method shown in Figs. 14 and 15 are 
almost the same as that (Figs. 10 and 12) when the hardware 
configuration shown in Figs . 8 and 11 is employed. According 
to the evaluation on the basis of the hardware usage 
efficiency, however, the hardware configuration, when an 
engine method is employed, will be much more efficient. 

Next, the fifth embodiment of the present invention 
will be described. 

Taking the fault-tolerant property of a base station 
into consideration, the conventional method has prepared a 
spare hardware as shown in Fig. 4 so as to assure the safety 
of the system. Switching control to the spare hardware has 
thus been needed. If a base station employs an engine 
method, however, it is only required to prepare the number 
of hardware units more than the number of users supported 
by the system. The engine method divides a processing by 
a processing time unit, thereby data can be processed 
regardless of the user' s communication type (voice/data 



communication) . More concretely, the spare hardware can be 
used for both voice and data communications or for mixed 
communications of voice and data. 

Controlling of channel assign in such a processing will 
become as shown in Fig. 16. The channel assign is the same 
as that shown in Fig. 15. Because the CPU load check is not 
done correctly for the hardware 1608, which is down, channel 
assign is done for the next hardware (CPU) by avoiding the 
down hardware 1608, thereby achieving the fault-tolerant 
property against hardware faults. 

As described above, according to the present 
invention, the hardware and the channel assign method with 
use of the hardware can make it possible to reduce the 
hardware in size and disperse the processing load of the 
hardware, thereby making it easy to construct a system for 
realizing fault-tolerance properties easily. 

Next, a hand-over processing of the present invention 
will be described as the sixth embodiment of the present 
invention . 

In the sixth embodiment, a code-division multiple 
connection base station apparatus is" employed. The 
apparatus is provided with a plurality of base band 
processing CPU/base band processing hardware units (1101-1 
to 1101-m) as shown in Fig. 11. Signals received by each of 
a plurality of antennas (800-1 to 800-p) are converted to 
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base band signals in the RF unit (801) and transferred to 
one of the m base band processing CPU /base band processing 
hardware units (1101-1 to 1101-m) through an RF interface 
(804-1 to 804-p) , a buffer memory (803), and a selector 
(1102) . Each of the m base band processing CPU/base band 
processing hardware units (1101-1 to 1101-m) can have r 
channels, so that the entire base station comes to have m 
x r channels in maximum. The received signals, converted 
to base band signals, are transmitted to a base station 
controller through an HW-IF (1105) . 

On the other hand, transmit signals are transferred 
to one of the m base band processing CPU/base band processing 
hardware units (1101-1 to 1101-m) through the HW-IF (1105) . 
The transmit signals, converted to base band signals, are 
transmitted from antennas (800-1 to 800-p) through a 
selector (1102), a buffer memory (803), and further through 
the output combination unit (807) and the RF unit (801). 

In Fig. 5, if a mobile station (505) outputs a 
hand-over request so as to begin exchanges of signals with 
a sector B (502-2) in addition to the sector A (502-3) with 
which the mobile station (505) have exchanged signals so 
far, then the base station must set a channel for the sector 
B (502-2) . At this time, the code-division multiple 
connection mobile communication base station apparatus of 
the present invention can cope with the processing with use 
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of its function for enabling the same base band processing 
CPU/base band processing hardware (1101-1 to 1101-m) to hold 
both source mobile channel and destination mobile channel. 

Hereunder, the base band processing CPU/base band 
processing hardware (1101-m) will be referred to as LSI #m 
and the mobile source channel as a channel A, and the mobile 
destination channel as a channel B so as to simplify the 
description . 

The channel B is set with any of the procedures (1) 
to (4) according to the state of the base band processing 
CPU/base band processing hardware in the base station. 

(1) If the LSI #m holding the source channel A still 
has a margin for holding a destination channel B, the 
destination channel B is set in the LSI #m as it is. 

(2) If the LSI #m holding the source channel A does 
not have a margin for further holding the destination 
channel B and another LSI #n has a margin for holding both 
channels A and B, the channel B is set in the LSI #n and the 
assignment of the source channel A is changed to the LSI #n. 

(3) If the LSI #m holding the source channel A does 
not have a margin for further holding the destination 
channel B and any of other LSIs, which does not have a margin 
for holding both channels A and B now, can hold both channels 
A and B in the same LSI by changing the channel assign to 
the present LSI once or more times, then the channel assign 



-27- 



to the LSI is changed so that both channels A and B are 
assigned to one and the same LSI. 

(4) If it is impossible to assign both channels A and 
B to the same LSI even by changing the channel assign to the 
present LSI, then "hand-over disabled" is reported to the 
base station controller. 

For the procedure (2) or (3), the channel assign to 
the present LSI must be changed to a different LSI. Fig. 17 
shows such a reassignment especially for the procedure (2) . 
For the procedure (2) , when the channel B is set, the 
channels A and B must be combined so as to output the combined 
signal. For the procedure (3), resetting of the channel 
assign to each LSI can be completed by repeating the same 
channel assign change procedure as that in (2) . 

The function for combining signals over sectors in the 
same LSI by moving a channel between LSIs is realized through 
communications of control signals among the controller 
(1103), each LSI, and the HW-IF (1105). Of the control 
signals shown in Fig. 17, those indicated with black circles 
are used to change channel assign. The controller (1103), 
when receiving a channel assign change request, transmits 
commands for holding both channels A and B, as well as for 
combining signals over sectors (1702) and transmits the 
spreading codes of both channels A and B necessary to hold 
them (1703) to the LSI#n. The LSI#n (1702), after holding 
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th e channels A and B and outputs the completion signal of 
combination of both channels successfully, transmits the 
completion report to the controller (1103) (1704) . The 
controller (1103) then notifies the HW-IF (1105) of the 
change of channel assign (1705) . Notified of the change, 
the HW-IF (1105) switches the output of the signal from the 
mobile RF station (505) to the line from LSI#m (1701) to 
LSI#n (1702) and notifies the controller (1103) of the 
completion of the assignment change (1706) . Finally, the 
controller (1103) instructs the LSI#m (1701) to reset the 
assignment of the channel A (1707) . The LSI#m thus resets 
the assignment and notifies the controller (1103) of the 
completion. Receiving the completion report (1103), the 
controller (1103) completes the channel movement between 
LSIs and the combination of signals between sectors (1708) . 
This procedure can thus enable seamless channel movement 
between LSIs as described above. 

On the other hand, if both uplink and downlink 
channels are processed in the same LSI so as to control 
signal transmission output, the same function and the same 
procedure for seamless movement of channels between LSIs are 
required for the downlink channel. In the base station, 
however, signals of a downlink channel, which is at the 
transmission side, are output from the LSI after the signals 
are combined with those of the other downlink channels, so 
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it is difficult in the uplink channel to select each channel 
by on-off of the transmission output after the signal is 
output from the LSI just like in the HW-IF (1105) . 
Consequently, the output on/off for each channel is done 
before addition/combination of the transmit signals in the 
LSI. Fig. 18 shows this function. Fig. 18 represents the 
transmission side output unit of one base band processing 
CPU/base band processing hardware unit. Numerals 1801-1 to 
1801-r denote spreading modulators for r channels. After 
the spreading, the r channels are multiplied for the output 
power by multipliers (1802-1 to 1802-r) and added up and 
combined in the output combination unit 1803, then output 
from the LSI through the transmission/receiving IF 1804. 
The output power is specified by the controller provided 
outside the LSI through the controller IF 1805. If "0" is 
specified for the output power, the output of any downlink 
channel can be turned off. More concretely, if "0" can be 
output as an output power, the output control mechanism for 
controlling the output of each channel can also be used as 
an output on/off mechanism of each channel. 

In order to turn on/off a transmit signal so as to be 
synchronized between different LSIs after a spreading 
modulation processing as shown in Fig. 18, thereby switching 
channels, the switching command must be synchronized 
between those LSIs. This synchronization is enabled with 



use of a timing signal used commonly in the entire base 
station. In this embodiment, a frame number used commonly 
in the whole base station is used especially as such a timing 
signal. Fig. 19 shows switching timings for moving a 
downlink channel from LSI to LSI. However, sometimes a 
difference occurs between arrival times of a switching 
command issued by the controller between different LSIs at 
the timing (a) in Fig. 19, thereby the switching command 
arrives in LSI#n and LSI#m with a frame timing therebetween 
as shown in (b) and (c) . If the channel switching execution 
timing is set at "when the switching command arrives" or "at 
the first frame timing after the switching command arrives", 
the arrived switching command execution timing differs 
between (b) and (c) , thereby the simultaneous channel 
switching with precision of chip timing is disabled. If the 
channel switching timing is set "at a frame timing (d) when 
the frame number used commonly in the whole base station is 
incremented by 2 from the timing (a)", the switching timing 
can be synchronized between both LSIs in each chip even when 
a frame timing is set between (b) and (c) as shown in Fig. 19. 

As described above, it is possible to change the 
assignment of both uplink and downlink channels to an LSI, 
thereby both source and destination channels can be held in 
the same base band processing CPU/base band processing 
hardware . 
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Next, the seventh embodiment of the present invention 
will be described. In this seventh embodiment, the base 
station in the sixth embodiment communicates with a mobile 
station provided with a function for transmitting/receiving 
signals simultaneously with use of a plurality of 
frequencies. The base station in this case is composed as 
shown in Fig. 20 and provided with a plurality of antennas 
for receiving signals arriving with different frequencies. 
In Fig. 20, only the antennas (2001-A) and (2001-B) are 
shown. The antenna (2001-A) receives a signal transmitted 
with a frequency fA from a mobile station and the antenna 

(2001-B) receives a signal transmitted with a frequency fB 
from a mobile station. The hardware configuration of the 
base station is the same as that shown in Fig. 14. Hereunder, 
the base band processing CPU/base band processing hardware 

(1101-m) is referred to as LSI#m so as to simplify the 
description . 

When communicating with a mobile station provided 
with a function for transmitting/receiving signals with use 
of a plurality of frequencies simultaneously, the code- 
division multiple connection mobile communication base 
station apparatus of the present invention de-modulates a 
received signal with a frequency from the mobile station 
independently, then combines the signal with other signals, 
thereby obtaining a diversity effect. To combine those 
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signals, each of those signals must be held in the same LSI . 
The code-division multiple connection mobile communication 
base station apparatus of the present invention is provided 
with a function for holding a channel transmitted with a 
frequency fA from the mobile station and another channel 
transmitted with another frequency from the same mobile 
station so as to enable the processing. More concretely, 
if the LSI #m has already held a channel transmitted with 
a frequency fA from a mobile station and the LSI #m is to 
hold another channel transmitted with another frequency fB 
from the same mobile station, one of the following 
procedures (1) to (4) can be used according to the state of 
the base band processing CPU/base band processing hardware. 

(1) If the LSI #m holding a channel transmitted with 
a frequency f A still has a margin for holding another channel 
transmitted with another frequency fB, the LSI #m holds the 
new channel transmitted with the frequency f B as it is . 

(2) If the LSI #m holding a channel transmitted with 
a frequency fA does not have a margin for holding another 
channel transmitted with another frequency fB and another 
LSI #n can hold both channels transmitted with different 
frequencies fA and fB, the LSI #n holds the channel 
transmitted with the frequency fB and the LSI #n holds the 
channel transmitted with the frequency fA; concretely, the 
channel assign to LSI #m is changed to LSI #n. 



(3) If the LSI #m holding the channel transmitted with 
the frequency fA does not have a margin for holding another 
channel transmitted with another frequency fB and any of 
other LSIs, which do not have a margin for holding both 
channels transmitted with different frequencies fA and fB, 
can hold both channels transmitted with different 
frequencies fA and fB by changing the channel assign to the 
LSI once or more times, then the channel assign to the LSI 
is changed, thereby both channels transmitted with 
different frequencies fA and fB are held in the same LSI. 

(4) If the same LSI cannot hold both channels 
transmitted with different frequencies fA and fB even with 
changes of channel assign, "combination of those signals 
disabled" is notified to the base station controller. 

Hereafter, a channel transmitted with a frequency fA 
from a mobile station will be referred to as channel A and 
a channel transmitted with a frequency fB from a mobile 
station will be referred to as channel B so as to simplify 
the description. Consequently, just like in the sixth 
embodiment, seamless changes of channel assign and 
combination of signals can be started with use of the 
procedure shown in Fig. 17. 

As described above, when communicating with a mobile 
station provided with a function for transmitting/receiving 
signals with use of a plurality of frequencies, it is 



possible to combine signals transmitted from a plurality of 
mobile stations with different frequencies in the same LSI, 
thereby obtaining a diversity effect. 

Because each modem processing in the base band unit is 
divided into processing units and processings of a plurality 
of channels are processed in those divided calculators in 
a time-multiplexing manner, the system hardware can be 
reduced in size and because the hardware configuration 
employs this method, the processing load of the base station 
is dispersed, thereby channel assign can be controlled so 
that hardware resources and software processings can be 
distributed to a plurality of users who are using different 
transmission rates. 

The hardware, when employing this method, can also be 
used for both voice and high speed data communications, as 
well as mixed communications of both voice and high speed 
data. In addition, with use of a function for checking over 
or not over an allowable load, the system can be constructed 
easily as a fault-tolerant one. 

Because the present invention can prepare a procedure 
for retrying holding of a plurality of signals from 
different, sectors to be combined in the same base band 
demodulator in a hand-over processing, it is possible to 
integrate both receiving function and inter-sector 
combining function in a card or chip. In addition, the 
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present invention can omit a bus structure needed to collect 
data from a plurality of boards or chips. Even when it is 
difficult to distribute signals to all the base band 
demodulators from all the sectors generated due to the 
employed multi-sector method, the present invention can 
change signal assignment among those demodulators, thereby 
channel assign can be realized flexibly so as to make it 
easier to combine signals from sectors. 
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WHAT IS CLAIMED IS: 

1. A control method of channel assign to a modem 
processing means of an RF base station so as to demodulate 
a base band received signal and modulate a transmit data 
signal, said modem processing means operating in a time- 
sharing manner; 

wherein said channel assign for demodulating said base 
band received signal is done in the following steps of; 

converting a plurality of carrier frequency band 
signals received by a plurality of antennas provided in said 
RF base station to a plurality of base band received signals 
in an RF unit; 

storing a plurality of said base band received signals 
in a buffer memory; and 

assigning a channel to said modem processing means, 
said channel being used for demodulating a plurality of said 
base band received signals received from said buffer memory; 
and 

channel assign for demodulating said base band 
received signals and channel assign for modulating said 
transmit data signals are done in the following steps of; 

enabling a controller to check a time slot; 

assigning a channel in a idle time slot if said idle 
time slot is found; and 



avoiding assignment of said channel if no idle time 
slot is found. 

2. A control method of channel assign to a modem 
processing unit of an RF base station so as to demodulate 
a base band received signal and modulate a transmit data 
signal, said modem processing unit operating in a time- 
multiplexing manner; 

wherein said channel assign for demodulating said base 
band received signal is done in the following steps of; 

converting a plurality of carrier frequency band 
signals received by a plurality of antennas provided in said 
RF base station to a plurality of base band received signals 
in an RF unit; 

storing a plurality of said base band received signals 
in a buffer memory; 

assigning a channel to said modem processing unit, said 
channel being used for demodulating a plurality of said base 
band signals received from said buffer memory; and 

channel assign for demodulating said base band 
received signals and channel assign for modulating said 
transmit data signals are done in the following steps of; 

enabling a controller to check the load of said modem 
processing unit; and 
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enabling said modem processing unit to assign a channel 
to said modem processing unit if said modem processing unit 
still has a load margin. 

3. A control method of channel assign to a plurality 
of modem processing means of an RF base station so as to 
demodulate a base band received signal and modulate a 
transmit data signal, said modem processing means operating 
in a time-multiplexing manner respectively; 

wherein said channel assign for demodulating said base 
band received signal is done in the following steps of; 

converting a plurality of carrier frequency band 
signals received by a plurality of antennas provided in an 
RF base station to a plurality of base band received signals 
in an RF unit; 

storing a plurality of said base band received signals 
in a buffer memory; and 

assigning a channel to said modem processing means 
respectively, said channel being used for demodulating a 
plurality of said base band signals received from said 
buffer memory; then 

channel assign, for demodulating said base band 
received signals and channel assign for modulating said 
transmit data signals are done in the following steps of; 

enabling a controller to check the loads of a plurality 
of said modem processing units so that a channel is assigned 
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to a modem processing means still having a load margin if 
there are a plurality of said modem processing means still 
having a load margin respectively. 

4. A control method of channel assign to a modem 
processing unit of an RF base station so as to demodulate 
a base band received signal and modulate a transmit data 
signal, said modem processing unit operating in a time- 
multiplexing manner and being provided with a plurality of 
calculation means blocks, each provided for a plurality of 
calculation means having the same calculation interval; 

wherein said channel assign for demodulating said base 
band received signal is done in the following steps of; 

converting a plurality of carrier frequency band 
signals received by a plurality of antennas provided in said 
RF base station to a plurality of base band received signals 
in an RF unit; 

storing a plurality of said base band received signals 
in a buffer memory; and 

assigning a channel to said modem processing unit, said 
channel being used for demodulating a plurality of said base 
band signals received from said buffer memory; and 

said channel assign for demodulating said base band 
received signal and modulating said transmit data signal is 
done in a step of; 



enabling a controller to check loads of a plurality of 
said calculation means so that a channel is assigned to any 
calculation means having a load margin if there are a 
plurality of said calculator means having a load margin 
respectively. 

5. The control method of channel assign according to 
claim 3; 

wherein channel assign to a plurality of said modem 
processing means is done so that a channel is assigned to 
a modem processing means having a higher load margin, 
selected from those having a load margin respectively. 

6. The control method of channel assign according to 
claim 3; 

wherein channel assign to a plurality of said modem 
processing means is done so that a channel is assigned to 
a modem processing means having a lower load margin, 
selected from those having a load margin respectively. 

7. The control method of channel assign according to 
claim 3; 

wherein channel assign to a plurality of said modem 
processing means is done in a hand-over processing executed 
by a mobile station moving from a first sector controlled 
by said RF base station to a second sector so that a second 
channel for demodulating a second signal received by a 
second antenna of said RF base station is assigned to a modem 



processing means of said RF base station to which a first 
channel for demodulating a first signal received by a first 
antenna is assigned, said first signal being transmitted 
from said RF mobile station and forming a first sector, said 
second signal being transmitted from said RF mobile station 
and forming a second sector. 

8. The control method of channel assign according to 
claim 7; 

wherein the load of said modem processing means is 
checked before said second channel is assigned to said modem 
processing means so as not to assign said second channel to 
said modem processing means when said modem processing means 
is loaded inversely. 

9. The control method of channel assign according to 
claim 3; 

wherein channel assign to a plurality of said modem 
processing means is done in a hand-over processing executed 
by a mobile station moving from a first sector controlled 
by said RF base station to a second sector so that a second 
channel for demodulating a second signal received by a 
second antenna of said RF base station is assigned to a modem 
processing means of said RF base station to which a first 
channel for demodulating a first signal received by a first 
antenna is assigned, said first signal being transmitted 
from said RF mobile station and forming a first sector, said 
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second signal being transmitted from said RF mobile station 
and forming a second sector; and 

said first channel for demodulating said first signal 
and said second channel for demodulating said second signal 
are held in the same modem processing means. 

10. A control method of channel assign so as to execute 
a hand-over processing in an RF mobile station moving 
between sectors from a first sector controlled by a first 
antenna of an RF base station to a second sector controlled 
by a second antenna; 

wherein said first channel for demodulating said first 
signal received by said first antenna and said second 
channel for demodulating said second signal received by said 
second antenna are assigned to the same modem processing 
means . 

11. The control method of channel assign according to 
claim 10; 

wherein said channel assign is done in said hand-over 
processing started so that channel assign to a plurality of ■ 
said modem processing means of an RF base station is changed, 
thereby said first and second channels are assigned to the 
same modem processing means when it is impossible to assign 
a second channel newly to a modem processing means to which 
said first channel is already assigned. 

12. A control method of channel assign; 



wherein a first channel for demodulating a first 
frequency signal of an RF mobile station, received by a first 
antenna of an RF base station and a second channel for 
demodulating a second frequency signal of said RF mobile 
station, received by a second antenna of said RF base station 
are assigned to the same modem processing means of said RF 
base station. 

13. The control method of channel assign according to 
claim 12; 

wherein said channel assign is done when a second 
channel cannot be assigned newly to a modem processing means 
of said RF base station, to which said first channel is 
assigned so that channel assign to a plurality of said modem 
processing means of said RF base station is changed, thereby 
assigning said first and second channels to the same modem 
processing means. 
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ABSTRACT 

A control method of channel assign so as to cope 
flexibly with voice and high speed data communication 
services of different transmission rates in code-division 
multiple connection communications . A load required for a 
channel processing is compared with an allowable load, 
thereby a channel is assigned within the allowable load. 
When assignment of a busy channel is changed so as to be 
processed in another hardware, the synchronization of the 
processing is established first in the destination, then the 
channel is switched to another. It is thus possible to 
distribute hardware resources and software processings 
efficiently to users. 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated 
next to my name. 



x^zmmsHmco^x, msm®fr-?m—<n&m% (tie.© 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 



CONTROL METHOD OF CHANNEL ASSIGN 



#»fc*ft) fit, 



The specification of which is attached hereto unless th 
box is checked: 



J was filed on 

as United States Application Number or 
PCT International Application Number 

and was amended o 

(if applicable). 



I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 



Page 1 of 4 

of time you axe required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington, DC 20231. DO NOT SEND FEES 
OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and Trademarks, Washington, DC 20231. 



Under the Paperwork Reduction Act of 1995, no persons are required to respond 1 



PTO/SB/1 06(8-96) 
Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
3 a collection of information unless it displays a valid OMB control number. 



Japanese Language Declaration 
(0*!llff) 



sf±, xmmmms sn 1 9* (a) -(d) «x»3 e 5&(t>) 

v^5#fFm*^3 6 5 (a) mi^m-f < Histm xs^in? 

Prior Foreign Application(s) 

11-107539 Japan 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application (s) for 
patent or inventor's certificate, or 365(a) of any PCT internationai 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventors 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

15 /April/ 1999 



(Number) 
(##) 



(Country) 

(H£) 



(Day/Month/Year Filed) 



□ 



(Number) 
(*§■) 



(Country) 



(Day/Month/Year Filed) >— 1 
(tt*¥J! H) 

I hereby claim the benefit under Title 35, United States Code, 
Section 1 19(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 



»36 5* (c) (c3ET<«PiItiiiz:iSSL.*-r. * 

t© B*IfttfclitlT«»liIttJ B ^©Sm^t-A 



(Application No.) 

(tBJR#-§-) 



(Filing Date) 
(tHiB) 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of any 
PCT international application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code Section 
112, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
international filing date of application. 



(Application No.) 



(Application No.) 
(fcb*#H§-) 



(Filing Date) 
(ffiHB) 



(Filing Date) 



(Status: Patented, Pending, Abandoned) 

(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 

(0*itft) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith (list name and registration number) 



Donald R. Antonelli, Reg. No. 20,296; David T. Terry, Reg. No. 
20,178; Melvin Kraus, Reg. No. 22,466; William I. Solomon, Reg. 
No. 28,565; Gregory E. Montone, Reg. No. 28,141; Ronald J. 
Shore, Reg. No. 28,577; Donald E. Stout, Reg. No. 26,422; Alan 
E. Schiavelli, Reg. No. 32,087; James N. Dresser, Reg. No. 
22,973 and Carl I. Brundidge, Reg. No. 29,621 



Send Correspondence to: 
Antonelli, Terry, Stout & Kraus, LLP 
Suite 1800 

1300 North Seventeenth Street 
Arlington, Virginia 22209 



Direct Telephone Calls to: (name and telephone number) 



Telephone: (703) 312-6600 
Fax: (703) 312-6666 







Full name of sole or first inventor 

Seishi HANAOKA 




B# 


Inventor's signature Date 

1H*wu&#>? ?/\7/20DQ 






Residence 

Kodaira, Japan 


mm 




Citizenship 

Japan 


«*» 




Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 1 00-8220, Japan 



(|!_.KI^©#l^^#S:ioV^fclW$l{Cii2*U (Supply similar information and signature for second and 

^t) subsequent joint inventors.) 
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Full name of second joint inventor, if any 

Yusuke UCHIDA 






Second inventor's signature ^ — Date 






Residence 

Tokyo, Japan 


mm 




Citizenship 

Japan 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 






Full name of third joint inventor, if any 

Nobukazu DOI 






Third inventor's signature* Date / / 


lEEf Residence / ' 

Hachioji, Japan 


mm Citizenship 

Japan 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 






Full name of fourth joint inventor, if any 






Fourth inventor's signature Date 


mm 




Residence 


mm 




Citizenship 



Post Office Address 







Full name of fifth joint inventor, if any 






Fifth inventor's signature Date 


mm 




Residence 


an 




Citizenship 






Post Office Address 
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